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(57) ABSTRACT

A method for controlling braking of an autonomous vehicle
includes: recognizing, by a driving situation recognizer, a
vehicle stop situation based on environment information
around the vehicle; generating, by a deceleration profile
generator, a n”-order polynomial-based deceleration profile
having a plurality of inflection points (n being a natural
number equal to or greater than three) when the vehicle stop
situation is recognized; correcting, by a corrector, the n”-
order polynomial-based deceleration profile by setting at
least one of a response time of a decelerator, a mass of the
vehicle during driving or a deceleration performance of a
brake to a control variable; and executing, by a controller,
braking of the vehicle based on the corrected n”-order

polynomial-based deceleration profile.
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APPARATUS AND METHOD FOR
CONTROLLING BRAKING OF
AUTONOMOUS VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims prionity to and the benefit of
Korean Patent Application No. 10-2019-0169287, filed on

Dec. 17, 2019, the entire contents of which are incorporated
by reference.

FIELD

The present disclosure relates to an apparatus and method
for controlling braking of an autonomous vehicle.

BACKGROUND

The statements 1n this section merely provide background
information related to the present disclosure and may not
constitute prior art.

If a vehicle suddenly brakes so as to be stopped during
autonomous driving, acceleration i1s applied in the direction
opposite to the driving direction of the vehicle due to
deceleration during a braking period, and force which 1is
applied 1n the driving direction due to inertial force 1is
applied to passengers in the vehicle. Particularly, at the
moment when wheels of the vehicle are stopped on a road
surface, this phenomenon becomes more severe.

In more detail, referring to FIGS. 1A to 1C illustrating a
conventional deceleration profile 1n braking during autono-
mous driving, a target speed at the moment t, when the
vehicle 1s stopped 1s set to 0, and deceleration of the vehicle
1s controlled at a constant deceleration a. However, at the
moment t, when the vehicle 1s stopped, relative motion
between the vehicle and the road surface suddenly disap-
pears, the deceleration a 1s changed to 0, a very strong jerk
occurs, and thus the passengers 1n the vehicle feel discom-
fort due to inertial force.

Further, 1n the conventional deceleration profile, we have
discovered that the standardized deceleration 1s calculated
depending only on the braking distance and the current
speed of the vehicle, without considering the performance of
a braking system in the vehicle, for example, the response
speed of a decelerator or the degree of wear of a brake pad.
Therefore, 1f the deceleration a at the moment t. when
braking of the vehicle is started 1s low, noise and vibration
are caused due to insuilicient grip force between the brake
pad and a wheel disc, and durability of the braking system
1s deteriorated.

SUMMARY

The present disclosure provides an apparatus and method
for controlling braking of an autonomous vehicle that sub-
stantially obviate one or more problems due to limitations
and disadvantages of the related art.

In one form of the present disclosure, an apparatus and a
method for controlling braking of an autonomous vehicle
may generate a high-order polynomial-based deceleration
profile so as to improve passenger ride comiort at the
moment when a vehicle 1s stopped, and the deceleration
profile 1s actively corrected based on the response speed of
a decelerator and the deceleration performance of a brake so
as to improve durability of a braking system.
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Additional advantages, objects, and features of the present
disclosure will be set forth 1n part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the present disclosure.
The objectives and other advantages of the present disclo-
sure may be realized and attained by the structure particu-
larly pointed out in the written description and claims hereof
as well as the appended drawings.

To achieve these objects and other advantages and 1n
accordance with the purpose of the present disclosure, as
embodied and broadly described herein, a method for con-
trolling braking of an autonomous vehicle 1n consideration
of rnde comiort includes: recognizing, by a driving situation
recognizer, a vehicle stop situation based on environment
information around the vehicle; when the vehicle stop
situation 1s recognized, generating, by a deceleration profile
generator, a n”’-order (n being a natural number equal to or
ogreater than three) polynomial-based deceleration profile
having a plurality of intlection points; correcting, by a
corrector, the n”-order polynomial-based deceleration pro-
file by setting at least one of a response time of a decelerator,
a mass of the vehicle during driving or a deceleration
performance of a brake to a control variable; and executing,
by a controller, braking of the vehicle based on the corrected
n”-order polynomial-based deceleration profile.

In the generating the n”-order polynomial-based decel-
eration profile, an initial slope of the n”-order polynomial-
based deceleration profile may be determined based on at
least one of a driving speed of the vehicle, a target braking
distance or a coeflicient of Iriction of a road surface on
which the vehicle 1s traveling.

The inflection points may 1nclude a first intlection point at
which a deceleration has a local maximum value at a first
time, and a second inflection point at which the deceleration
has a local minimum value at a second time later than the
first time.

In the correcting the n”-order polynomial-based decel-
eration proifile, when the response time of the decelerator 1s
greater than a first reference value, the n”-order polynomial-
based deceleration profile may be corrected so as to shift a
position of the first inflection point to a time earlier than the
first time.

In the correcting the n”-order polynomial-based decel-
cration profile, when the response time of the decelerator 1s
less than the first reference value, the n”-order polynomial-
based deceleration profile may be corrected so as to shiit a
position of the first inflection point to a time later than the
first time.

In the correcting the n”-order polynomial-based decel-
eration profile, when the mass of the vehicle 1s less than a
second reference value, the n”-order polynomial-based
deceleration profile may be corrected so as to shift a position
of the second inflection point to a time earlier than the
second time.

In the correcting the n”-order polynomial-based decel-
eration proiile, when the mass of the vehicle 1s greater than
the second reference value, the n”-order polynomial-based
deceleration profile may be corrected so as to shift a position
of the second inflection point to a time later than the second
time.

In the correcting the n”-order polynomial-based decel-
cration profile, when the deceleration performance of the
brake is less than a third reference value, the n™-order
polynomial-based deceleration profile may be corrected so
as to increase the mitial slope.




US 11,673,580 B2

3

In the correcting the n”-order polynomial-based decel-
eration profile, when the deceleration performance of the
brake is greater than the third reference value, the n”-order
polynomial-based deceleration profile may be corrected so
as to decrease the 1nitial slope.

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present disclosure are exemplary and explanatory.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-
poses of illustration only and are not intended to limit the
scope of the present disclosure.

DRAWINGS

In order that the disclosure may be well understood, there
will now be described various forms thereof, given by way
of example, reference being made to the accompanying
drawings, in which:

FIGS. 1A to 1C are graphs representing a conventional
deceleration profile for controlling braking of a vehicle
during autonomous driving;

FIG. 2 1s a block diagram 1illustrating the configuration of
an apparatus for controlling braking of an autonomous
vehicle 1n one form of the present disclosure;

FIGS. 3A and 3B are graphs representing a deceleration
profile according to one form of the present disclosure;

FIGS. 4A and 4B are graphs illustrating one exemplary
method for correcting the deceleration profile using the
apparatus according to one form of the present disclosure;

FIGS. 5A and 5B are graphs illustrating another exem-
plary method for correcting the deceleration profile using the
apparatus according to one form of the present disclosure;

FIGS. 6A and 6B are graphs illustrating yet another
exemplary method for correcting the deceleration profile
using the apparatus according to one form of the present
disclosure:

FIG. 7 1s a flowchart 1llustrating a method for controlling
braking of an autonomous vehicle according to one form of
the present disclosure; and

FI1G. 8 1s a flowchart 1llustrating the detailed procedure of
S740 shown n FIG. 7.

The drawings described herein are for illustration pur-
poses only and are not mtended to limit the scope of the
present disclosure 1n any way.

DETAILED DESCRIPTION

The following description 1s merely exemplary in nature
and 1s not mtended to limit the present disclosure, applica-
tion, or uses. It should be understood that throughout the
drawings, corresponding reference numerals indicate like or
corresponding parts and features.

Reference will now be made 1n detail to the exemplary
forms of the present disclosure, examples of which are
illustrated 1n the accompanying drawings. However, the
disclosure of the present disclosure 1s not limited to the
forms set forth herein, and may be variously modified. In the
drawings, in order to clearly describe the present disclosure,
a description of elements which are not related to the present
disclosure 1s omitted, and the same or similar elements are
denoted by the same reference numerals even though they
are depicted 1n diflerent drawings.

In addition, in the following description of the forms, the
terms “first”, “second”, etc. may be used to describe various

elements, but do not limit these elements. It will be under-
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stood that these terms are used only to discriminate one
element from other elements, and do not limit the nature,
sequence or order of the corresponding elements. It will be
understood that terms which are specially defined 1n con-
sideration of the configurations and functions of the forms
are used only to describe the forms and do not limit the scope
of the forms.

It will be understood that a singular expression of an
clement encompasses a plural expression of the element
unless stated otherwise. In the following description of the
forms, the terms “including”, “having”, etc. will be inter-
preted as indicating the presence of one or more other
characteristics, numbers, steps, operations, elements or parts
stated 1n the specification or combinations thereof, and do
not exclude presence of characteristics, numbers, steps,
operations, elements, parts or combinations thereotf, or pos-
sibility of adding the same, unless stated otherwise.

In the following description of the forms, all terms
including technical or scientific terms have the same mean-
ings as generally understood by those skilled 1n the art to
which the present disclosure pertains, unless defined other-
wise. Further, in the following description of the forms,
generally used terms, such as terms defined 1n dictionaries,
will be interpreted as having meanings coinciding with
contextual meanings 1n the related art, and are not to be
interpreted as having i1deal or excessively formal meanings,
unless defined clearly.

Hereinatter, an apparatus for controlling braking of an
autonomous vehicle according to one form of the present
disclosure will be described with reference to the accompa-
nying drawings.

FIG. 2 1s a block diagram 1illustrating the configuration of
an apparatus for controlling braking of an autonomous
vehicle according to one form of the present disclosure.

Referring to FIG. 2, an apparatus 100 for controlling
braking of an autonomous vehicle according to the present
disclosure may 1nclude a driving situation recognizer 110, a
deceleration profile generator 120, a corrector 130, a con-
troller 140, and a brake unit 150. However, this configura-
tion of the apparatus 100 1s only exemplary, and at least one
of the above-described elements may be omitted or other
clements may be additionally provided.

The driving situation recognizer 110 may collect envi-
ronment information around the vehicle through various
sensors 10 mounted in the vehicle, and recognize a vehicle
stop situation based on the environment information. Here,
the sensors 10 may include a global positioning system
(GPS) recerver 11, an 1image sensor 12, a distance measuring,
sensor 13, a velocity sensor 14, and an acceleration sensor
15, etc.

The GPS receiver 11, which 1s configured to estimate the
geographical position of the vehicle, may collect the current
position (1including the latitude and longitude) of the vehicle
in real time by receiving navigation messages ifrom GPS
satellites located above the earth.

The image sensor 12 may recognize signal lights periph-
eral vehicles, lanes, objects on a road, etc. based on an 1mage
acquired by photographing the area around the vehicle.
Further, the image sensor 12 may collect signal light infor-
mation, for example, the state of a signal light which has
been turned-on (a red light, a yellow light, a green light, a
letft-turn signal or the like) by processing the acquired image,
such as noise removal, image quality and saturation adjust-
ment, file compression, etc.

The distance measuring sensor 13 may measure a distance
between the vehicle and a peripheral vehicle, and, for
example, be implemented as a radar, a lidar, an ultrasonic
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sensor or the like. The distance measuring sensor 13 may
measure a distance from the peripheral vehicle, the direction
and height of the peripheral vehicle, etc. by emitting elec-
tromagnetic waves, a laser pulse or ultrasonic waves to the
peripheral vehicle and then measuring an arrival time of
these waves reflected by the peripheral vehicle.

The velocity sensor 14 may measure the driving speed of
the vehicle based on an output wavetform of the wheel speed
of the vehicle which 1s differentially acquired.

The acceleration sensor 15 may measure an acceleration,
which varies when the vehicle 1s accelerated (or deceler-
ated), based on a driving (or braking) signal applied to the
vehicle.

The driving situation recognizer 110 may recognize the
vehicle stop situation by collecting signal light information
in front of the vehicle and behavior information of periph-
cral vehicles from the image sensor 12 and the distance
measuring sensor 13, and acquire driving information of the
vehicle regarding a target braking distance between the
current position of the vehicle and a stop point, the driving
speed of the vehicle, characteristics of the road surface, eftc.

The deceleration profile generator 120 may generate a
high-order polynomial-based deceleration profile having a
plurality of inflection points based on the driving informa-
tion of the vehicle. This will be described below with
reference to FIGS. 3A and 3B.

FIGS. 3A and 3B are graphs representing a deceleration
profile according to one form of the present disclosure.

In general, ride comfort experienced by a passenger 1n the
vehicle 1s determined by a deceleration “a” and/or a Change
in the deceleration “a”, which 1s experlenced as “a jerk”. The
reason for this 1s that, when the range of fluctuation of the
deceleration “a” or the “jerk™ i1s great at the moment when
the vehicle 1s stopped, the passenger’s body 1s pulled 1n the
driving direction due to inertial force, which causes great
discomfiort.

Theretfore, the deceleration profile generator 120 accord-
ing to one form may generate a deceleration profile 1 using
a high-order polynomial, as shown 1n FIGS. 3A and 3B, and
thereby, deceleration of the vehicle may be controlled so as
to avoid a sudden change 1n the deceleration “a” (1.e., a jerk)
at the moment t, when the vehicle 1s stopped.

Referring to FIGS. 3A and 3B, the deceleration profile
generator 120 may generate a n”-order polynomial-based
deceleration profile 1 (nrepresents a natural number equal to
or greater than three) having a plurality of inflection points.
Here, the deceleration “a” moves along at least one rising
curve and at least one falling curve between the moment t_
when braking of the vehicle 1s started and the moment t,
when the vehicle 1s stopped, and maintains a value o1 O after
the moment t, when the vehicle 1s stopped.

The deceleration profile generator 120 may determine an
initial slope “s” of the deceleration profile 1 based on at least
one of the driving speed of the vehicle, the target braking
distance or the coethicient of friction of a road surface, and
extract the inflection points P1 and P2 based on a change 1n
the shift characteristics of the deceleration “a”. Here, the
initial slope “s” of the deceleration “a” may indicate a
change 1n the deceleration “a” at the moment t. when
braking of the vehicle 1s started, and each of the inflection
points P1 and P2 may mean a point at which the deceleration
“a” transitions from a rising curve to a falling curve or a
point at which the deceleration “a” transitions from a falling,
curve to a rising curve. For example, the inflection points P1
and P2 may include a first intlection point P1 at which the
deceleration “a” has a local maximum value at a first time t1,
and a second inflection point P2 at which the deceleration
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“a” has a local minimum value at a second time 12 later than
the first time t1, and, at occurrence times t1 and t2 of the first
and second 1ntlection points P1 and P2 (hereinaftter, referred
to inflection times), the jerk has a value of O.

As such, 1f the deceleration profile 1 for controlling
deceleration of the vehicle 1s generated based on a high-
order polynomial other than a constant or a straight line, a
change 1n the jerk 1s gentle and small and thus ride comifort

may be improved.

Although the deceleration profile 1 shown i FIGS. 3A
and 3B 1s based on a third-order polynomial, this decelera-
tion profile 1 1s only exemplary and does not limit the scope
of the present disclosure. For example, the deceleration
profile 1 applied to the present disclosure may be generated
based on a high-order polynomial, such as a fourth-order
polynomial or higher.

Further, the deceleration profile generator 120 may set the
above-described deceleration profile 1 to a default, and
transmit the deceleration profile 1 to the corrector 130.

Referring to FIG. 2 again, the corrector 130 may correct
the deceleration profile 1 by setting factors influencing ride
comfort (hereinafter, referred to as influential factors) to
control variables. Here, the influential factors may include at
least one of a response time of a decelerator 152, the mass
of the vehicle, or the deceleration performance of a brake
153.

The reason why the corrector 130 corrects the decelera-
tion profile 1 using the influential factors 1s as follows. If the
inflection times t1 and t2 of the deceleration profile 1 are still
maintained even though the response time of the decelerator
152 or the mass of the vehicle 1s changed, a change in the
response speed of the decelerator 152 or inertial force may
not be retlected when deceleration of the vehicle 1s con-
trolled, and thus, ride comfort 1s lowered. Further, 1t the
initial slope *“s” of the deceleration profile 1 1s still main-
tamned even though the deceleration performance of the
brake 133 1s deteriorated, grip force between a disc rotor
153a and a brake pad 153¢ 1s insuthlicient and may thus cause
noise and vibration. This will be described below 1n more
detaul.

The controller 140 may calculate a braking force based on
the corrected deceleration profile, and apply a deceleration
command to the brake unit 150 so as to perform braking of
the vehicle.

The brake umt 150 may include a motor 151 which
generates power, the decelerator 152 which decreases the
RPM of the motor 151 in response to the deceleration
command so as to amplily an output torque, and the brake
153 which brakes the vehicle using the output torque of the
decelerator 152. Here, the brake 153 includes the disc rotor
153a which 1s coupled to a vehicle wheel, a piston 1535
which reciprocates 1n the axial direction due to rotation of
the decelerator 152, and the brake pad 133¢ which pressur-
1zes the disc rotor 1334 due to the reciprocating motion of
the piston 1535, and the disc rotor 1534 and the brake pad
153 ¢ are brought into contact with each other by the piston
1526 and thus causes frictional force, thereby braking the
vehicle.

Heremaftter, methods for correcting the deceleration pro-
file will be described with reference to FIGS. 4A to 6B.

FIGS. 4A and 4B are graphs illustrating one exemplary
method for correcting the deceleration profile using the
apparatus according to one form of the present disclosure.

As shown in FIGS. 4A and 4B, the corrector 130 may
correct the deceleration profile 1 based on the response time
of the decelerator 152.
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The corrector 130 may detect the response time of the
decelerator 152, compare the response time with a first
reference value, and correct the deceleration profile 1 so as
to shift the position of the first inflection point P1. Here, the
response time may mean a time taken to execute decelera-
tion behavior after applying the deceleration command to
the decelerator 152, and the first reference value may be a
predetermined response time 1n consideration of the
response speed of the decelerator 152 at the time of release
of the vehicle and the number of years used of the decel-
erator 152.

Here, the position of the first intlection point P1 may be
shifted parallel to the left or right along the horizontal axis
(time axis) in the graphs shown 1in FIGS. 4A and 4B. That
1s to say, the corrector 130 may shift only the inflection time
t1 while maintaining the constant deceleration “a” at the first
inflection point P1, thereby being capable of outputting a
corrected deceleration profile 2.

When the detected response time of the decelerator 152 1s
greater than the predetermined first reference value, the
corrector 130 may correct the deceleration profile 1 so as to
shift the position of the first inflection point P1 to a time t1'
carlier than the first time t1 (with reference to FIG. 4A). That
1s, the corrector 130 may, when the response speed of the
corrector 130 1s slow, advance the inflection time of the first
inflection point P1 (t1—t1') so as to compensate for a
delayed response.

On the other hand, when the detected response time of the
decelerator 152 1s less than the predetermined first reference
value, the corrector 130 may correct the deceleration profile
1 so as to shift the position of the first inflection point P1 to
a time t1" later than the first time t1 (with reference to FIG.
4B). That 1s, the corrector 130 may, when the response speed
of the corrector 130 1s fast, delay the inflection time of the
first intlection point P1 (t1—=t1") so as to compensate for an
carly response.

Further, when the detected response time of the decelera-
tor 152 1s the same as the predetermined first reference
value, the corrector 130 may maintain the position of the
first inflection point P1.

FIGS. 5A and 5B are graphs illustrating another exem-
plary method for correcting the deceleration profile using the
apparatus according to one form of the present disclosure.

As shown i FIGS. 5A and 5B, the corrector 130 may
correct the deceleration profile 1 1n consideration of the
mass of the vehicle.

The corrector 130 may calculate the mass of the vehicle
during driving, compare the mass of the vehicle with a
second reference value, and correct the deceleration profile
1 so as to shift the position of the second inflection point P2.
For example, the corrector 130 may calculate the mass
(m=F/a) of the vehicle during driving using an acceleration
“a” of the vehicle measured by the acceleration sensor 13
when a designated driving force “F” 1s applied to the
vehicle. Further, the second reference value may be a
predetermined mass of the vehicle, acquired by summing the
weight of a vehicle body and the weight of passengers
including a driver.

Here, the position of the second inflection point P2 may
be shifted parallel to the left or right along the horizontal
axis (time axis) 1n the graphs shown i FIGS. SA and 5B.
That 1s to say, the corrector 130 may shift only the inflection
time t2 while maintaining the constant deceleration “a” at
the second inflection point P2, thereby being capable of
outputting a corrected deceleration profile 2.

When the mass of the vehicle during driving 1s less than
the predetermined second reference value, the corrector 130
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may correct the deceleration profile 1 so as to shift the
position of the second mflection point P2 to a time t2' earlier
than the second time t2 (with reference to FIG. 5A). That 1s,
the corrector 130 may, when the mass of the vehicle during
driving 1s changed and thus inertial force applied to the
vehicle at the moment t, when the vehicle 1s stopped 1s
decreased, advance the inflection time of the second inflec-
tion point P2 (t12—=t2") so as to improve ride comiort when
the vehicle 1s stopped.

On the other hand, when the mass of the vehicle during
driving 1s greater than the predetermined second reference
value, the corrector 130 may correct the deceleration profile
1 so as to shiit the position of the second inflection point P2
to a time 12" later than the second time t2 (with reference to
FIG. 5B). That 1s, the corrector 130 may, when the mass of
the vehicle during driving 1s changed and thus inertial force
applied to the vehicle at the moment t, when the vehicle 1s
stopped 1s 1ncreased, delay the inflection time of the second
inflection point P2 (12—=12") so as to improve ride comiort
when the vehicle 1s stopped.

Further, when the mass of the vehicle during driving 1s the
same as the predetermined second reference value, the
corrector 130 may maintain the position of the second
inflection point P2.

FIGS. 6A and 6B are graphs illustrating yet another
exemplary method for correcting the deceleration profile
using the apparatus according one form of the present
disclosure.

As shown 1n FIGS. 6A and 6B, the corrector 130 may
correct the deceleration profile 1 based on the deceleration
performance of the brake 153.

The corrector 130 may calculate the deceleration perfor-
mance of the brake 153, compare the deceleration perfor-
mance with a third reference value, and correct the decel-
eration profile 1 so as to increase or decrease the 1nitial slope
“s” of the deceleration a. For example, the corrector 130 may
calculate the deceleration performance by calculating actual
braking force output from the brake 133 relative to the
braking force corresponding to the deceleration command,
and 1n this case, determine the deceleration performance 1n
turther consideration of the applied pressure and the degree
of wear of the brake pad 153c¢. Further, the third reference
value may be a predetermined value corresponding to the
ideal deceleration performance of the brake 153, which 1s set
by a developer.

Here, 1n a corrected deceleration profile 2, only the initial
slope “s” of the deceleration “a” may be increased or
decreased at the moment t, when braking of the vehicle 1s
started, while the first and second intlection points P1 and P2
are maintained. That 1s to say, the corrector 130 may
increase or decrease a deceleration rate at the moment t_
when braking of the vehicle 1s started, thereby being capable
of properly compensating for msuilicient or excessive grip
force depending on the deceleration performance of the
brake 153.

When the deceleration performance of the brake 153 1s
less than the predetermined third reference value, the cor-
rector 130 may correct the deceleration profile 1 so as to
increase the initial slope *s” of the deceleration a (s—s')
(with reference to FIG. 6A). That 1s, the corrector 130 may,
when the deceleration performance of the brake 133 1s
deteriorated, increase the 1nitial slope *“s” of the deceleration
“a” so as to increase the deceleration rate, thereby being
capable of compensating for msuflicient grip force between
the disc rotor 153a¢ and the brake pad 153c¢, reducing or
minimizing noise and vibration caused thereby and thus

improving durability of the brake 153.
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On the other hand, when the deceleration performance of
the brake 153 1s greater than the predetermined third refer-
ence value, the corrector 130 may correct the deceleration
profile 1 so as to decrease the mmtial slope “s” of the
deceleration a (s—s") (with reference to FIG. 6B). That 1s,
the corrector 130 may, when the deceleration performance of
the brake 153 1s improved, adjust the 1nitial slope s of the
deceleration “a” so as to decrease an unnecessarily high
deceleration rate, thereby being capable of improving fuel
elliciency and braking efliciency.

Further, when the deceleration performance of the brake
153 1s the same as the predetermined third reference value,
the corrector 130 may maintain the mnitial slope s of the
deceleration “a” at the moment t, when braking of the
vehicle 1s started.

Hereinafter, referring to FIGS. 7 and 8, a method for
controlling braking of an autonomous vehicle according to
one form of the present disclosure will be described.

FIG. 7 1s a flowchart 1llustrating a method for controlling,
braking of an autonomous vehicle in one form of the present
disclosure.

Referring to FIG. 7, the method may include recognizing
a vehicle stop situation by collecting environment informa-
tion around the vehicle (5710), generating a high-order
polynomial-based deceleration profile 1 having a plurality of
inflection points (58720), setting factors intluencing ride
comiort to control variables and comparing the factors with
predetermined reference values (S730), correcting the decel-
eration profile as a result of the comparison (8740), and
executing braking of the vehicle based on the deceleration
profile (58750).

In S710, the apparatus 100 may recognize the vehicle stop
situation by collecting signal light information about an area
in front of the vehicle, behavior information of peripheral
vehicles, etc., from various sensors installed in the vehicle.

In 8720, the apparatus 100 may determine an 1nitial slope
“s” of the deceleration profile 1 1n consideration of at least
one of a drniving speed of the vehicle, a target braking
distance or a coeflicient of friction of a road surtace, and
extract a plurality of inflection points P1 and P2 1n consid-
cration of a change in the shiit characteristics of a decel-
eration “a”. A detailed description thereof has been given
above with reference to FIGS. 3A and 3B, and will thus be
omitted.

In 8730, the apparatus 100 may determine whether or not
the response time of a decelerator, the mass of the vehicle
during driving, and the deceleration performance of a brake
are respectively the same as predetermined first, second and

third reference values (S731a, S732a and S733a).

When all of operations of S731a, S732a and 5733a are
satisfied, the apparatus 100 may execute braking of the
vehicle while maintaining the deceleration profile 1 gener-
ated 1n S720 (S750).

On the other hand, when at least one of the operation of
S731a, S732a or S733a 1s not satisfied, the apparatus 100
may correct the deceleration profile 1 (5740), and execute
braking of the vehicle based on a corrected deceleration
profile 2 1n 8740 (5750). Hereinatter, the correction of the
deceleration profile by the apparatus 100 will be described
in more detail with reference to FIG. 8.

FI1G. 8 1s a flowchart 1llustrating the detailed procedure of
S740 shown i FIG. 7.

Referring to FIG. 8, the apparatus 100 may respectively
determine whether or not the response time of the decelera-
tor 1s greater than the first reference value, whether or not the
mass of the vehicle during driving 1s less than the second
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reference value, and whether or not the deceleration perfor-
mance of the brake is less than the third reference value

(S731b, S732b and S733b).

As a result of the determination 1n S7315, when the
response time of the decelerator 1s greater than the first
reference value (YES), the apparatus 100 may correct the
deceleration profile 1 so as to shift the position of the first
inflection pomt P1 to a time earlier than a first time t1
(5741). Here, the first intlection point P1 may be a point at
which the deceleration “a” has a local maximum value, and
be adjusted depending on responsiveness of the decelerator.

On the other hand, as the result of the determination in
S731b, when the response time of the decelerator 1s less than
the first reference value (NO), the apparatus 100 may correct
the deceleration profile 1 so as to shiit the position of the first
inflection pomnt P1 to a time later than the first time tl
(5742). As such, the apparatus 100 may actively correct the
deceleration profile 1n consideration of the delayed response
or the early response of the decelerator, thereby being
capable of improving ride comiort.

As a result of the determination 1n 873254, when the mass
of the vehicle during driving is less than the second refer-
ence value (YES), the apparatus 100 may correct the decel-
eration profile 1 so as to shift the position of the second
inflection point P2 to a time earlier than a second time t2

(S743). Here, the second inflection point P2 may be a point
at which the deceleration “a” has a local minimum wvalue,
and be adjusted in consideration of inertial force to which a
passenger 1n the vehicle 1s subjected.

On the other hand, as the result of the determination in
S732b6, when the response time of the decelerator 1s greater
than the second reference value (NO), the apparatus 100
may correct the deceleration profile 1 so as to shiit the
position of the second inflection point P2 to a time later than
the second time t2 (S744). As such, the apparatus 100 may
actively correct the deceleration profile based on inertial
force depending on the mass of the vehicle during driving,
thereby being capable of improving ride comfort.

As a result of the determination in S7335, when the
deceleration performance of the brake is less than the third
reference value (YES), the apparatus 100 may correct the
deceleration profile 1 so as to increase the 1nitial slope s of
the deceleration a (S745). Thereby, the apparatus 100 may
increase a deceleration rate at the moment t, when braking
of the vehicle 1s started, and compensate for insuthicient grip
force between the disc rotor 153a and the brake pad 1353c,
thereby reducing or minimizing noise and vibration of the
brake 153.

On the other hand, as the result of the determination in
S733b, when the deceleration performance of the brake 1s
greater than the third reference value (NO), the apparatus
100 may correct the deceleration profile 1 so as to decrease
the mitial slope “s” of the deceleration a (S746). Thereby,
the apparatus 100 may decrease an unnecessarily high
deceleration rate, thereby being capable of improving fuel
elliciency and braking efliciency.

The above-described method according to one form may
be recorded as a program which may be executed in com-
puters and be stored i a computer readable recording
medium and, for example, computer readable recording
media may include a ROM, a RAM, a CD-ROM, a magnetic
tape, a floppy disk, an optical data storage device, eftc.

The computer readable recording media may be distrib-
uted to computer systems connected by a network, and
computer readable code may be stored and executed therein
in a distributed manner. Further, functional programs, code
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and code segments to implement the above-described
method may be easily deduced by programmers 1n the art to
which the forms pertain.
The operations of the method or the functions described
above 1n connection with the forms disclosed herein may be
embodied directly in a hardware or a software module
executed by the processor, or 1n a combination thereof.
As 15 apparent from the above description, an apparatus
and method for controlling braking of an autonomous
vehicle according to at least one form of the present disclo-
sure¢ may generate a deceleration profile for braking the
vehicle based on a high-order polynomial so as to improve
ride comiort of a passenger in the vehicle, and actively
correct the deceleration profile by reflecting the response
time of a decelerator and the deceleration performance of a
brake 1n the deceleration profile so as to improve durability
and reliability of a braking device.
While the present disclosure has been explained in rela-
tion to the forms thereof, it will be understood that various
modifications thereof will become apparent to those skilled
in the art upon reading the specification. Technical contents
of the above-described forms may be combined into various
forms unless they are mutually mcompatible, and thereby,
new forms may be implemented.
It will be apparent to those skilled 1n the art that various
modifications and varations can be made in the present
disclosure without departing from the spirit or scope of the
present disclosure. Thus, i1t 1s intended that the present
disclosure cover the modifications and variations of this
present disclosure.
What 1s claimed 1s:
1. A method for controlling braking of an autonomous
vehicle, the method comprising:
recognizing, by a processor, a vehicle stop situation based
on environment information around the vehicle;

when the vehicle stop situation 1s recognized, generating,
by the processor, a n”-order (n being a natural number
equal to or greater than three) polynomial-based decel-
eration profile having a plurality of inflection points;

correcting, by the processor, the n”-order polynomial-
based deceleration profile by setting at least one of a
response time of a decelerator, a mass of the vehicle
during driving, or a deceleration performance of a
brake to a control variable; and

executing, by a controller, braking of the vehicle based on

the corrected n”-order polynomial-based deceleration
profile,

wherein the plurality of inflection points comprises:

a first inflection point at which a deceleration has a
local maximum value at a first time; and

a second inflection point at which the deceleration has
a local minimum value at a second time later than the
first time,

wherein, in correcting the n”-order polynomial-based

deceleration profile, when the response time of the
decelerator 1s greater than a first reference value, the
n”-order polynomial-based deceleration profile is cor-
rected so as to shift a position of the first mflection
point to a time earlier than the first time.

2. The method according to claim 1, wherein, in gener-
ating the n”’-order polynomial-based deceleration profile, an
initial slope of the n”-order polynomial-based deceleration
profile 1s determined based on at least one of a driving speed
of the vehicle, a target braking distance, or a coeflicient of
friction of a road surface on which the vehicle 1s traveling.

3. The method according to claim 1, wherein, 1n correct-
ing the n”-order polynomial-based deceleration profile,
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when the response time of the decelerator 1s less than a first
reference value, the n””-order polynomial-based deceleration
profile 1s corrected so as to shift a position of the first
inflection point to a time later than the first time.
4. The method according to claim 1, wherein, 1n correct-
ing the n”-order polynomial-based deceleration profile,
when the mass of the vehicle 1s less than a second reference
value, the n”-order polynomial-based deceleration profile is
corrected so as to shift a position of the second inflection
point to a time earlier than the second time.
5. The method according to claim 1, wherein, in correct-
ing the n”-order polynomial-based deceleration profile,
when the mass of the vehicle 1s greater than a second
reference value, the n””-order polynomial-based deceleration
profile 1s corrected so as to shift a position of the second
inflection point to a time later than the second time.
6. The method according to claim 1, wherein, 1n correct-
ing the n”-order polynomial-based deceleration profile,
when the deceleration performance of the brake is less than
a third reference value, the n”-order polynomial-based
deceleration profile 1s corrected so as to increase the initial
slope.
7. The method according to claim 1, wherein, in correct-
ing the n”-order polynomial-based deceleration profile,
when the deceleration performance of the brake i1s greater
than a third reference value, the n”-order polynomial-based
deceleration profile 1s corrected so as to decrease the mitial
slope.
8. A non-transitory computer-readable recording medium
having an application program recorded thereon, the appli-
cation program to direct a processor to perform acts of:
recognizing, by a processor, a vehicle stop situation based
on environment information around the vehicle;

when the vehicle stop situation is recognized, generating,
by the processor, a n”-order (n being a natural number
equal to or greater than three) polynomial-based decel-
eration profile having a plurality of inflection points;

correcting, by the processor, the n”-order polynomial-
based deceleration profile by setting at least one of a
response time of a decelerator, a mass of the vehicle
during driving, or a deceleration performance of a
brake to a control variable; and

executing, by a controller, braking of the vehicle based on

the corrected n”-order polynomial-based deceleration
profile,

wherein the plurality of inflection points comprises:

a first inflection point at which a deceleration has a
local maximum value at a first time; and

a second inflection point at which the deceleration has
a local minimum value at a second time later than the
first time,

wherein, in correcting the n”-order polynomial-based

deceleration profile, when the response time of the
decelerator 1s greater than a first reference value, the
n”-order polynomial-based deceleration profile is cor-
rected so as to shift a position of the first inflection
point to a time earlier than the first time.

9. An apparatus for controlling braking of an autonomous
vehicle, the apparatus comprising:

a processor configured to:

recognize a vehicle stop situation based on environ-
ment information around the vehicle;

generate a n”’-order (n being a natural number equal to
or greater than three) polynomial-based deceleration
profile having a plurality of inflection points, when
the vehicle stop situation 1s recognized; and
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correct the n”-order polynomial-based deceleration
profile by setting at least one of a response time of a
decelerator, a mass of the vehicle during driving, or
a deceleration performance of a brake to a control
variable; and
a controller configured to execute braking of the vehicle
based on the corrected n”-order polynomial-based
deceleration profile,
wherein the plurality of inflection points comprises:
a first inflection point at which a deceleration has a
local maximum value at a first time; and
a second inflection point at which the deceleration has
a local minimum value at a second time later than the
first time,
wherein, when the response time of the decelerator 1s
greater than a first reference value, the processor is
configured to correct the n”-order polynomial-based
deceleration profile so as to shiit a position of the first
inflection point to a time earlier than the first time.
10. The apparatus according to claim 9, wherein the
processor 1s configured to determine an initial slope of the
n”-order polynomial-based deceleration profile based on at
least one of a driving speed of the vehicle, a target braking
distance or a coellicient of friction of a road surface on
which the vehicle 1s traveling.
11. The apparatus according to claim 9, wherein, when the

response time of the decelerator 1s less than a first reference
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value, the processor is configured to correct the n”-order
polynomial-based deceleration profile so as to shift a posi-
tion of the first inflection point to a time later than the first
time.

12. The apparatus according to claim 9, wherein, when the
mass of the vehicle is less than a second reference value, the
processor is configured to correct the n”-order polynomial-
based deceleration profile so as to shift a position of the
second inflection point to a time earlier than the second time.

13. The apparatus according to claim 9, wherein, when the
mass of the vehicle 1s greater than a second reference value,
the processor is configured to correct the n”-order polyno-
mial-based deceleration profile so as to shift a position of the
second inflection point to a time later than the second time.

14. The apparatus according to claim 9, wherein, when the
deceleration performance of the brake is less than a third
reference value, the processor 1s configured to correct the
n”-order polynomial-based deceleration profile so as to
increase the mitial slope.

15. The apparatus according to claim 9, wherein, when the

deceleration performance of the brake 1s greater than a third
reference value, the processor 1s configured to correct the
n”-order polynomial-based deceleration profile so as to
decrease the 1nitial slope.
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